A NOVEL MRI METHOD diffusion tensor imaging-was used to compare the integrity of several white matter fibre tracts in patients with probable Alzheimer's disease. Relative to normal controls, patients with probable Alzheimer's disease showed a highly significant reduction in the integrity of the association white matter fibre tracts, such as the splenium of the corpus callosum, superior longitudinal fasciculus, and cingulum. By contrast, pyramidal tract integrity seemed unchanged. This novel finding is consistent with the clinical presentation of probable Alzheimer's disease, in which global cognitive decline is a more prominent feature than motor disturbance. Although Alzheimer's disease is generally considered to affect grey matter, histological studies show pathological changes, such as a loss of axons and oligodendrocytes together with a reactive astrocytosis in the white matter. Magnetic resonance diffusion tensor imaging (DTI) is a non-invasive technique that can identify white matter tracts (WMTs) by evaluating the bulk diffusion of water in three dimensions; WMTs appear relatively brighter compared with surrounding tissues on DTI because the method identifies regions that are anisotropic, or areas where the diffusion of water is significantly greater in one direction than in others. The lattice index (LI) can be used as a quantitative measure of anisotropy in DTI. In addition, the direction of the bulk water diffusion can be determined and the orientation of WMTs, such as the corpus callosum, depicted by appropriate colour coding. When WMTs degenerate, as occurs in cerebral infarction, there is a decrease in anisotropy and a corresponding reduction in the LI. Colour coded anisotropy maps have also been successfully used to study the structural integrity of pyramidal tract fibres in traumatic injury of the internal capsule. Hence, DTI may give new insights into the pathology of neurological conditions such as Alzheimer's disease by providing information on the structural integrity, or LI, of WMTs. Patients with early to moderate probable Alzheimer's disease have significantly impaired cognition but have slow-normal mobility. In this study we hypothesised that, when compared with aged matched normal controls, DTI would show significant reductions in the LI of the association fibre WMTs compared with the LI of the pyramidal tracts.
, 5 mm slice thickness, 1 mm gap per slice, four b values applied in six diffusion directions (Bmax=875 s mm -2 ). The total scanning time was 4 minutes 25 seconds. Brain tissue masks derived from coregistered T2 images (acquired with no diffusion gradients) were used to threshold pixels with anomalous signal from the LI images. Pixels were characterised as either anterior-posterior (green), left-right (red), or vertical (blue) depending on the direction of the eigenvector of the diffusion tensor. Other colours indicated that the orientation of the fibres was not entirely in a single direction (fig 1) . For intrasubject comparison of anisotropy, tracts were clustered into three groups on the basis of whether pixels were oriented within 45° of each of the three principal directions. Colour coding of the orientation of the fibres allowed ready identification of major WMTs, such as the splenium of the corpus callosum, superior longitudinal fasciculus, cingulum, and vertical fibres of the internal capsule by comparison with previously published data on DTI of white matter association pathways. For the splenium and cingulum, regions of interest (ROIs) encompassed the entire WMTs. For the vertical fibres of the internal capsule, only the blue colour coded pyramidal tracts were included within the ROI. For the superior longitudinal fasciculus, ROIs were placed in a posterior region of the WMTs encompassing green colour coded anterior-posterior association fibres. Differences between these regions for the two subject groups were analysed by analysis of variance (ANOVA) (table). 
Figure 1
Representative images from an aged matched control (left column) and a patient with probable Alzheimer's disease (right column). The MR images in the rows (top to bottom, respectively) are T2 weighted at the level of the internal capsule, corresponding LI anisotropy images, matching colour coded LI images, and colour coded LI images at the level of the superior longitudinal fasciculus. The splenium (red arrow), superior longitudinal fasciculus (light green arrow), cingulum (dark green), and pyramidal tract (light blue) are demonstrated in the colour coded LI maps.
Results
A summary of the measures of the LI for the WMTs in the control and probable Alzheimer's disease cohorts are given in the table. The LI of the splenium of the corpus callosum of patients with probable Alzheimer's disease was highly significantly less than the LI of aged normal controls for left-right oriented fibres and adjoining anteroposteriorly directed callosal fibres. In those patients with mild to moderate probable Alzheimer's disease (MMSE 17-21), the LI was significantly less than that in the normal controls. A similar significant reduction was also seen in the LI of the fibres of the superior longitudinal fasciculus in patients with probable Alzheimer's disease when compared with controls. A significant reduction was also found for the LI of the anterior-posterior fibres of the left cingulum in the probable Alzheimer's disease cohort. No differences in anisotropy were seen between the two groups for the vertically directed WMTs of the posterior limb of the internal capsule. There was a significant correlation (0.77) between the LI of the splenium of the corpus callosum and the mini mental state examination score (fig 2) .
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Figure 2
Scatter plot showing the correlation between the LI of the splenium of the corpus callosum and the mini mental state examination score (MMSE).
Discussion
This study shows for the first time significant reductions in the LI of the splenium of the corpus callosum, superior longitudinal fasciculus, and left cingulum in patients with probable Alzheimer's disease. Two previous studies have shown a decrease in the measure of relative anisotropy in the white matter of patients with probable Alzheimer's disease, but neither report correlated anisotropy loss with WMT orientation.
Previous pathological studies of patients with Alzheimer's disease have shown that white matter abnormalities, such as loss of oligodendrocytes and axons, together with reactive astrocytosis are often seen in the parietal lobe white matter and central white matter. We speculate that such pathological changes in the white matter occurred in the splenium of the corpus callosum, superior longitudinal fasciculus, and left cingulum of patients with probable Alzheimer's disease in this study. Fibres from the splenium and caudal portion of the body of the corpus callosum originate from temporoparietal regions of the brain, grey matter regions that are characteristically affected in Alzheimer's disease. Axon loss in regions of previously high anisotropy will cause a fall in the LI of that region. It is likely that the loss of callosal connections, due to axonal degeneration, could account for the fall in the observed LI values. However, reactive astrocytosis and oligodendrocyte loss could also contribute to the fall in LI values in the splenium, superior longitudinal fasciculus, and cingulum of patients with probable Alzheimer's disease. The correlation between the LI of the splenium and the MMSE suggests that a fall in the LI of the splenium of the corpus callosum is related to a decline in cognitive function of these patients.
Further work is required to confirm the proposed link between a loss in the anisotropy of the association fibres of the WMTs and cognitive dysfunction in other dementing illnesses. Our findings serve to highlight the importance of white matter pathology in Alzheimer's disease.
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